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Lamprey River
Protected Instream Flow Study

* |ntroduction
 Acceptance of meeting minutes
 Presentation of draft Lamprey PISFs

>

Natural flow paradigm concept

Flow dependent protected entities
Floodplain entities and transect findings
Aquatic entities and MesoHABSIM findings

Water supply
Assessment of PISFs
Final recommendations



PISF Generalized Process

Define protection goals

Assess river conditions

Define conditions to meet goals
Establish numerical flow standards

Evaluate problem reaches
Evaluate management options
Integrate options into a plan

(Implement plans)




Some Protected Entities (Goals)

B Human uses € * Recreation
CUiee €S « HE energy production

Water gualityv e_Agriculture
Pol Blologlcal Integrlty Natural resources

AeSTive o Storage

Fisheries Wildlife

Public water supply Fish & wildlife habitat
CWA Designated Us¢s Vegetation

Open space Rare species or

Geologic resource habitat
Aquatic life and fish




What is Needed to Describe PISFs?

« A systematic method of determining
flow needs for human uses.

« A systematic method of determining
flow needs for ecological integrity.

« A meaningful way to describe stream
flow and protected flows.




How to Describe the PISF?
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Natural Flow Paradigm

 NFP = aquatic life is adapted to naturally
occurring variability.

 How to define the appropriate variablility pattern
for PISF?

* Describe flow as; timing, duration,
frequency, rate of change as well as
magnitude.




How NFP flow components are described
in the Lamprey PPISF report

TIMING — Bioperiods — biologically significant

divisions of the year.
MAGNITUDE — three levels for each
DURATION - for each magnitude - a

pioperiod.

lowable

and catastrophic thresholds marking when flows

go too low for too long.

FREQUENCY — used either to 1) define the
duration, or 2) specified number of events for

magnitudes.




tural

I na

(¢}
-
i
- =
L
%
7).
()]
d
- |
il

Ir magni

Pa

durations at historically-significant

frequencies

W W W W W wa o sm e ..
A l..-.i.i.._-..-._-_i..ii..-.i
.i.ll.i.i.-..-..-.i.ii.-..-.i.ii.il..-.i. * 3.'. [

____ i.-..__i-_-..___... iu -.ﬂ..........#.- .__._.._._-.i_._ L. i..

Py U X
T B R R .
__.._...-...,._.t_._,...-.... 2R B S8

e bdd, LEBVES

TSR

A
H Y

O I )
m__.rt-_._._-..___f_mﬂt__r S )
nd




Souhegan River Stream Flow versus PISF magnitude and durations

| —m=— Stream Flow e P|SF Common

PISF Critical «PISF Rare

e COMMON reset e Common Allowable

= Critical reset === Critical Allowable

Rare reset === Rare Flow Allowable

—«o— Rare Catastrophic




Flow Dependent Protected Entities

Insireas PusLic Uses, OU1S1ANDING
CHARACTERISTICS, AND RESOURCES OF THE LAMPREY
RIVER AND PROPOSED PROTECTIVE FLOW MEASURES FOR
FLOW DEPENDENT RESOURCES

FinaL Revori

NOVEMRER 2006




Flow Dependent Protected Entities

Recreation
Boating
Fishing
Swimming

Natural Communities
Floodplain Forests
Oxbow/backwater Wetlands
Vernal Pools

High Energy Riverbanks
River Rapids

RTE Plants

Water Marigold
Sharp-flowered Mannagrass
Knotty Pondweed
Small-crested Sedge
Slender Blue Flag

Climbing Hempweed

RTE Wildlife
Wood Turtle
Spotted Turtle
Blanding’s Turtle
Pied Billed Grebe
Osprey

Bald Eagle
Sedge Wren

Aquatic Life and Habitat
Fish and Fish Habitat
Mussels

Insects

T/E Bridled Shiner
Banded Sunfish
Endangered Brook Floater

Public Water Supply




Recreation

Recreation Protected
Entities:

» Boating
» Fishing
» Swimming

Noted as important
resources for
supporting designation
In 1990.




Recreation - Boating

Evaluated by field surveys (including
swimming survey) with 37 responses.

Surveys performed in spring, summer and
fall of 2006 and spring 2007.

Surveyed participants of 2006 Lamprey
River Canoe (& Kayak) race.

Visited popular boat launch locations on
upper and lower portions of the designated

segment.




Recreation - Boating
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Boating Survey Results

Lower Lamprey (Designated):

— Most paddle more than 2 times a year, during
spring, summer and fall.

— Paddlers from Durham and Dover NH.
— Monitor flow by word of mouth or visual.

— Paddle flatwater sections upstream of falls or
dams.

— Minimum flow should be about what was observed
on July 1 2006 (1.36 cfsm or 249 cfs).

— Attraction of river: quiet, lack of development,
beautiful scenery and fishing.




Recreation - Boating

Other sources of information on recommended
flow levels for paddling Lamprey River:

— AMC Guidebook Discover Southern New
Hampshire by Monkman and Monkman (2002)
suggests that running the Lamprey at flows below
200 cfs (1.09 cfsm) should not be attempted.

— Survey respondents from 2006 Lamprey Canoe
Race indicated that flows should have been higher

than what they were (154 cfs, 0.84 cfsm) the day of
the race.

— Indicator of water level — flow over rapids/riffles
downstream of Lee Hook Road Bridge. If you can
pass this with a canoe, whole trip usually good.




Recreation - Boating

Passage of canoes and kayaks through
rapids downstream of Lee Hook Road bridge
observed in April and May 2008 at flows of
425 and 205 cfs.

May 14 2008 Q = 205 cfs




Recreation - Boating

Protected Instream Flow for Recreational
Boating:

— Paddling through rapids flow dependent,
flatwater paddling not flow dependent, but levels
controlled naturally or artificially.

— Observed flow conditions at rapids sections
suggest flows greater than 200 cfs (1.1 cfsm)
needed to navigate rapids.

— Based on field crew observations a flow of 275
cfs (1.5 cfsm) proposed as PISF for whitewater
recreational boating.




Recreation - Fishing

e Fishing on the
Lamprey River is flow
dependent.

No recreational
fishing survey
performed.

Instream flow values
from MesoHABSIM
protective of fish and
fishing recreation
resource.




Recreation - Swimming

e Swimming popular A S
recreational activity T;ERNDALE @,
on the river. Y ACRES

Recreational CAMPGROUND

swimming assessed
by surveys at four
designated beaches
and two swimming
holes in July and
August 2006. Total of
24 responses.




Recreation - Swimming
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Swimming Survey

The survey included questions regarding:
- Use of the river
- Frequency of use
- Favorite swimming locations

- Preferred flow conditions or levels,
sources of information on swimming
conditions.




Swimming Survey Reslults

« Months of use ranged from April to
October, most activity centered June to
August during periods of hot weather.

Few people monitor flow conditions other
than by driving by or checking when they
arrive at their campsite.

Outside of large-scale drought or flood
events, swimmers will use the river when
It IS convenient and It is warm enough.




Recreation - Swimming

 Most popular sections of river used for
swimming are impounded by dams or
bedrock falls.

Due to control of water levels In these
sections, they are less flow dependent than
INn other sections and for other recreational

USES.

Since swimming conditions are dependent
on multiple variables a specific instream
flow value cannot be established or
proposed.




Flow Dependent Protected Entities

Recreation
Boating
Fishing
Swimming

Natural Communities
Floodplain Forests
Oxbow/backwater Wetlands
Vernal Pools

High Energy Riverbanks
River Rapids

RTE Plants

Water Marigold
Sharp-flowered Mannagrass
Knotty Pondweed
Small-crested Sedge
Slender Blue Flag

Climbing Hempweed

RTE Wildlife

Wood Turtle
Spotted Turtle
Blanding’s Turtle
Pied Billed Grebe
Osprey

Bald Eagle
Sedge Wren

Aquatic Life and Habitat
Fish and Fish Habitat
Mussels

Insects

T/E Bridled Shiner
Banded Sunfish
Endangered Brook Floater

Public Water Supply




Riparian Plant Communities and
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T-1 Tuttle Swamp Transect (excerpt)

RIVER CHANNEL-R2UEBH/R2AB4

WETLAND _

LOW FLOODPLAIN

—— FOREST TERRACE —
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140

= i
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1,670 cfs

1,200 cfs
(10/31/06)
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370 cfs (10

f12/06)




Mean Flow(cfs)

Wildlife and Natural Community Bioperiods

1200 A
1100 i < Rapids and Riverbanks ———»
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. Floodplain Forests -...-
~.-and Oxbow Wetlands -
| | -+ Requiring Periodic

Red Maple : ;___.; _ . &
Oxbow SW % FIOOdmg |
' Swamp white*
Qak Forest
PISF _ MES

Flows greater than 500 cfs
every one to three years
flows greater than 1,500 cfs
once every five years

Don’t Create Floods, but Don'’t
Prevent Them Through
Management!

- F‘-‘~*~=‘~’F“’“S|rver Maple'q.\
- FloodpralmForest
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Elleed Sensitve Plants
and Anrmals

o ‘~-"_~.Turtfe ahd &

Daily flows:
<500 cfs in June, July and October
< 60 cfs in August and September

Not a Flood Control
Recommendation!

i A::h_ Flowernjg
?"’"ﬁ _-Aquatic.
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Plants, Animals and
Communities Requiring
Minimum Winter, Spring, or A&Jé"t'?e
Summer Flows macroinvertebrates

«130 cfs December through March
«100 cfs April through June

10 cfs during July

swinter, daily flows > 50 cfs

\Winter flows of 500 cfs for > one week.
&= "R

_‘:_..s : -.-'_-“..-
Knotty Poridweed S

"+~ Riverweed Rapid




EIShFeang Rapiors
PISF
 Protective flows for

GRAF Fish (Generic
Resident Adult Fish)

Plants and ARimals of
IimpoeuRndments

Protective Water Levels
(not flows)

esummer water levels
within 18 inches of mean




Flow Dependent Protected Entities

Recreation
Boating
Fishing
Swimming

Natural Communities
Floodplain Forests
Oxbow/backwater Wetlands
Vernal Pools

High Energy Riverbanks
River Rapids

RTE Plants

Water Marigold
Sharp-flowered Mannagrass
Knotty Pondweed
Small-crested Sedge
Slender Blue Flag

Climbing Hempweed

RTE Wildlife
Wood Turtle
Spotted Turtle
Blanding’s Turtle
Pied Billed Grebe
Osprey

Bald Eagle
Sedge Wren

Aquatic Life and Habitat
Fish and Fish Habitat
Mussels

Insects

T/E Bridled Shiner
Banded Sunfish
Endangered Brook Floater

Public Water Supply




Lamprey River
MesoHABSIM Application
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Lamprey River

Section Delineations
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MesoHABSIM Process
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Bioperiods

Winter Survival Spring Flooding  Spring Spawning Summer Rearing and Arlantic salmon
Bio-period Bio-period Bio-period Growth Bio-period Srpawnirngr

Resident Fish Spring Juvenile and Adult
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Species Selected for Habitat Modeling

. American Eel

Atlantic salmon
S




3

Habitat Maps

ST
k

" Lamprey River | Rl ¢ b .: o & pry River 3
Habitat Mapping {# L L e . Habitat Mapping

¢ I Unsuitable

Suitable

; SR e Y| Suitable
S Optimal gl | SR ;e /i b || Optimal

SR = = m— e 1L
_ 2040 80 120 160 200
| http:iwewworushingrivers.org

=3 gt

-_ 02040 80 120 160 200
| http:iwewworushingrivers.org

Meters

=3 A,




Effective Habitat for Fish

NORTHEAST INSTREAM HWARITAT RRCGRAM
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MORTHEAST IMSTREAM HABITAT PROGRAM
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Suitability Curve(s) for Whole Project Project: Lamprey River Bugs AIC
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100.00% -

90.00% -

80.00% -

70.00% -

60.00% -

50.00% -

2
Qo
o]
=
>
(2]

40.00% -

30.00% -

20.00% -

10.00% -

CFSM
—o— GENERIC FISH —#— EPHEMEROPTERA ODONATA —~ PLECOPTERA —%—TRICOPTERA




Habitat vs. Fish Community

W AT LAMTIC SALMOM
OREOBREAST SUMNFISH
B IONGMOSE DACE
OwWHITE SUCKER

O AdERIC AN EEL
mFALLFISH

O COhid0 N SHINER

Proportion Froportion Suitable Suiable Suitable Suitable Sutable
(TFC) Habitat Habitat Habitat Habitat Habitat

Bpected Exizting 0.1zEm 0.2 cfmm 05 cEm 10 ef=m 15cEm







Flow Thresholds
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Flow Thresholds

IFReare i ien:

colres oorJrJJrg [@Iter Um St gl gt mMagnIttices
'ha_[ OcCUrTialf Rzt Inrime:

| EXCE aeIiens

sncrementaly Igner ma’rJ[ s oJ S IACH

INEC Jrnljlgmvwrsqurr 6Y 0 under-the-
UANES £

L
SHeldarmuch nigne

Jf]fOfofJOﬂ




Flow Thresholds
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Flow Duration Threshold
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NORTHEAST INSTREAM HABITAT PROGRAM

M= N K C. Shiner
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Project: Lamprey River AIC
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Bioperiod
Approximate dates

Fish PISF

Rearing & Growth
July 5 - Oct. 6

Salmon Spawning
Oct. 7 - Dec. 8

Overwintering
Dec9 - Feb. 28

Spring Flood
March 1 - May 4

Indicator
W atershed area (mi?)

Common shiner
183

Atlantic Salmon
183

Flow
183

Flow
183

Common flow (cfs)

Common flow (cfsm)
Allowable duration under (days)
Catastrophic duration (days)

110
0.60
46
81

90
0.49
17
55

237.9
1.30
20
57

622
3.40
14
42

Critical flow (cfs)

Critical flow (cfsm)

Allowable duration under (days)
Catastrophic duration (days)

22
0.12
15
32

40

11
33

109.8
0.60
10
37

238
1.30

Rare flow (cfs)

Rare flow (cfsm)

Allowable duration under (days)
Catastrophic duration (days)

16
0.09
6
28

20
0.11
6
11

7
30

Bioperiod
Approximate dates

Clupeid Spawning
May 5 - June 19

GRAF Spawning
June 20 - July 4

Indicator
W atershed area (mi®)

Min
183

Max

Min
183

Common flow (cfs)

Common flow (cfsm)
Allowable duration under (days)
Catastrophic duration (days)

143
0.78
13
28

101
0.55
11
15

Critical flow (cfs)

Critical flow (cfsm)

Allowable duration under (days)
Catastrophic duration (days)

62

22

5

Rare flow (cfs)

Rare flow (cfsm)

Allowable duration under (days)
Catastrophic duration (days)

GRAF Spawning

Common shiner R&G




Flow Dependent Protected Entities

Recreation
Boating
Fishing
Swimming

Natural Communities
Floodplain Forests
Oxbow/backwater Wetlands
Vernal Pools

High Energy Riverbanks
River Rapids

RTE Plants

Water Marigold
Sharp-flowered Mannagrass
Knotty Pondweed
Small-crested Sedge
Slender Blue Flag

Climbing Hempweed

RTE Wildlife
Wood Turtle
Spotted Turtle
Blanding’s Turtle
Pied Billed Grebe
Osprey

Bald Eagle
Sedge Wren

Aquatic Life and Habitat
Fish and Fish Habitat
Mussels

Insects

T/E Bridled Shiner
Banded Sunfish
Endangered Brook Floater

Public Water Supply




Public Water Supply

Legislated Use of Waters

L aws of 1965 — Chapter 322 - “An Act Relative to
Future use of Portions of the Waters of the Lamprey
River and/or its Tributaries for Public Water

Supplies....”.

Grants the Towns of Durham, Epping, Lee,
Newmarket and Raymond the use of the waters of
the Lamprey River and its tributaries, in these towns,
for the purpose of public water supplies to the
exclusion of all other municipalities.




Public Water Supply

UNH/Town of Durham . .
« The only active direct

withdrawal from the
designated reach.

Water from Lamprey
supplements water
from Oyster River and
pumping from Lee Well.

For period 00-05
adjusted daily use from
the Lamprey ranged
from 10.3 to 492
thousand gpd (0.02 to
0.76 cfs).




Public Water Supply

UNH/Durham Section 401 Certificate
Restrictions

If summer flow between 45 & 21 cfs (0.25 & 0.11
cfsm), 1.8 cfs (0.01 cfsm) can be diverted.

If summer flow between 21 & 13 cfs (0.11 & 0.07
cfsm), 0.4 cfs (0.002 cfsm) can be diverted.

If summer flow less than 13 cfs (0.07 cfsm)
outflow = inflow to dam.

Pool elevation cannot be drawn down more than
0.5 In. In 24 hours with a six Inch maximum.




Public Water Supply
UNH/Town of Durham

e Currently system only pumps water from
Lamprey when flow at Packers Falls gage >
45 cfs because a monitoring system is not in
place above dam.

e |nvestigating the development of new water
supply well near Spruce Hole Bog.

« May also consider artificial recharge, divert
during spring runoff and recharge aquifer.




Public Water Supply

Newmarket Water Works

e Currently obtains water supply from Bennett
and Sewall Wells in Newmarket Plain Aquifer.

« Formerly diverted water from Folletts Brook,
the Piscassic River and the Lamprey River,
but abandoned due to water treatment
ISSUes.

Recently received Groundwater Discharge
Permit for artificial recharge of Newmarket
Plain aquifer.




Public Water Supply

Newmarket Water Works

 Proposed source for recharge water is a
diversion from the Lamprey River. Estimated
withdrawal of 500,000 gallons per day
(0.77cfs or 0.004 cfsm).

Intake may be placed in Lee in the
designated segment or in Macallen Dam
Impoundment downstream of designated
segment.




Public Water Supply

No specific water supply PISF proposed.

Water use by Newmarket Water Works and
Durham/UNH to be evaluated during
development of Water Management Plan.

Conservation and Water Use Plans to be
developed for each system as part of WMP.

Goal I1s to minimize impact of water supply
use on instream protected entities.




Assessment of PISFs

UNH developed representative hydrographs
for:

— Last five years (2003 — 2007)
— Wet three years (2005 — 2007)
— Average three years (1990 — 1992)

— Dry three years (1964 — 1966)

Proposed PISFs evaluated under these flow
scenarios to estimate their impact and their range
of influence.




Recreation PISF Q > 275 cfs

Representative
Hydrograph Days %

Last five years 549 30.1
Wet three years 510 46.5

Averagethreeyears 407 37.1
Dry three years 235 214
Number of days in the hydrologic record flow meets the

PISF and the per cent of time in the representative
hydrograph.




Wood Turtle - Summer PISF

June 1 to October 15 Q <500 cfs

Representative
Hydrograph Days %
Last five years 6/0 97.8
Wet three years 374 91.0
Averagethreeyears 394 95.9
Dry three years 411 100.0

Number of days in the hydrologic record and
bioperiod that the flow meets the PISF and the
per cent of time in the representative hydrograph.




Rearing &
Growth
July 5 - Oct. 6

Bioperiod

Approximate dates

Recommended
flows
Common shiner

Proposed Pl SFs

Watershed area (mi?) 183

L ocation USGS Gage

Common flow (cfs) 110

Common flow (cfsm) 0.60

Allowable duration under (days) 46

Catastrophic duration (days) 81

Critical flow (cfs) 22

Critical flow (cfsm)

Allowable duration under (days) 15

Catastrophic duration (days) 32

Rar e flow (cfs) 16

Rar e flow (cfsm)

Allowable duration under (days)

Catastrophic duration (days)

Salmon Spawning
Oct. 7 - Dec. 8

Recommended
flows
Atlantic Salmon
183
USGS Gage
90
0.49

17

55
40

11

33
20

Overwintering
Dec 9 - Feb. 28

Recommended
flows
Flow

183
USGS Gage
239
1.31

20
S/




Bioperiod

Approximate dates

Three-year average flow
(1990 to 1992)

Common Flow in cfs

Times not met, <PISF, and (%)

Allowable duration under in days*

Catastrophic duration in days*

Critical flow in cfs

Times not met, <PISF and (%)

Allowable duration under in days*

Catastrophic duration in days*

Rare flow in cfs

Times not met, <PISF, and (%)

Allowable duration under in days*

Catastrophic duration in days*

Rearing &
Growth
July 5- Oct. 6

Recommended
flows
Common shiner
110

204 (72)
46 (1)
81 (1)

22

105 (37)
15 (2)
32 (1)

16
70 (25)
6 (2)
28 (1)

Salmon Spawning

Recommended
flows
Atlantic Salmon
90

8 (4.2)
17 (0)
55 (0)
40
3(1.6)
11 (0)
ce(0)
20
(V)
6 (0)
11 (0)

Overwintering

Recommended
flows
FHow
238

01 (37)
20 (1)
57 (0)
109.8

13 (5.3)
10 (0)
37 (0)

73.2
(V)
7 (0)
30 (0)

Note: Allowable and catastrophic durations in days, and the number of years
that duration was exceeded in ().




Bioperiod

Approximate dates

Three-year low flow
(1964 to 1966)

Common Flow in cfs

Times not met, <PISF, and (%)

Allowable duration under in days*

Catastrophic duration in days*

Critical flow in cfs

Times not met, <PISF and (%)

Allowable duration under in days*

Catastrophic duration in days*

Rare flow (cfs)

Times not met, <PISF, and (%)

Allowable duration under in days*

Catastrophic duration in days*

Rearing &
Growth
July 5- Oct. 6

Recommended
flows
Common shiner
110

261 (93)
46 (3)
81 (1)

22

203 (72)
15 (3)
32 (3)

16

167 (59)
6 (3)
28 (2)

Salmon Spawning

Recommended
flows
Atlantic Salmon
90

128 (68)
17 (3)
1)

40

61 (32)
11 (3)
33 (0)

20

15 (7.9)
6 (1)
11 (1)

Overwintering

Recommended
flows
FHow
238

180 (73)
20 (3)
57 (1)
109.8

111 (45)
10 (2)
37 (1)
732
58 (24)
7(2)
1(0)

Note: Allowable and catastrophic durations in days, and the number of years
that duration was exceeded in ().




Wiswall Dam and Durham/UNH Water
Supply

45 cfs > Q > 21 cfs can withdraw 1.8 cfs
21 cfs > Q > 13 cfs can withdraw 0.4 cfs
Q < 13 cfs no withdrawal (only from storage)

_ 45-21 cfs 21-13 cfs <13 cfs
Representative

Hydrograph Days % Days % Days %

Last five years 150 8.2 99 54 158 8.7
Wet three years 86 7.8 64 5.8 37 3.4

Averagethreeyears 73 6.7 52 4.7 53 4.8
Dry three years 149 13.6 82 7.5 146 13.3

Number of days that streamflow falls within 401 Certificate withdrawal
limit and the per cent of time in the representative period.




Final Recommendations

1. PISF for fish
controlling flows.

2.Flow no less than 4
cfs (0.6% POR).

3. Additional conditions
for RTE, plant
communities and
wildlife habitat.

4. PISFs maintained by
Implementation of
Water Management
Plan.




Final Recommendations

Additional Conditions:

Winter Survival and Development - December 1 through April 30

e >130 cfs seasonal mean —wood turtle

« >500 cfs for 1 week or more — herbaceous low riverbank, mannagrass,
hempweed

e <1,500 cfs daily mean in April —vernal floodplain pool, Blanding’s turtle

Spring Spawning May 1 through June 30

e >100 cfs seasonal mean —riverweed, knotty pondweed
e <500 cfs daily mean in June (wood turtle)
« <1,500 cfs daily mean in May - Blanding’s turtle, floodplain vernal pools

Summer Survival and Development — July 1 through Sept 30

<500 cfs daily mean in July —wood turtle
<60 cfs daily mean in August/Sept — Herbaceous low riverbank
<100 cfs seasonal mean — August /Sept — riverweed, knotty pondweed
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Project Contacts

Wayne Ives — DES
603-271-3548 wayne.lves@des.nh.gov

Al Larson — Normandeau Associates, Inc.
603-472-5191 alarson@normandeau.com

Tom Ballestero — UNH
603-862-1405 Tom.Ballestero@unh.edu

Piotr Parasiewicz — Rushing Rivers Institute
413-687-4740 piotr@rushingrivers.org

NORMANDEAU ASSOCIATES

ENVIRONMENTAL CONSULTANTS






